Material and Methods
Investigations were undertaken on 29 newborn babies with respiratory distress. Ofthese, the lungs of 6 children with extensive and well-defined hyaline membrane syndrome constituted the material of the present study (Table 1) . Blocks of lung tissue were rapidly frozen at -70°C. and sectioned at 4 to 6u at -20°C. in a cryostat. In order to remove the plasma proteins not closely bound with the tissue, the sections were washed in buffered 0-15 M NaCl for 2, 6 and 25 minutes respectively (buffered saline changed 3-4 times), and fixed in acetone for 15 minutes. Duplicate tissue sections were fixed in acetone without washing.
Specific immuno-histochemical reagents used in this work were rabbit and goat antisera against human fibrin, plasma albumin and y-globulin, prepared in our laboratory. Antisera were fractionated by precipitation with Na2SO4. Immunologically active fractions were conjugated with fluorescein isothiocyanate (FIT), tetramethylrhodamine isothiocyanate (MRIT) according to the method of Coons and Kaplan (1950) in the modification of Riggs (Riggs, Seiwald, Burckhalter, Downs and Metcalf, 1958) and Marshall (Marshall, Eveland and Smith, 1958) , and with lissamine rhodamine B 200 (LRB) after Chadwick, McEntegart and Nairn (1958a, b) with minor modifications. The labelled antisera were dialysed against NaCl buffered topH 7 * 6, or purified on a DEAE-cellulose chromatographic column.
The reagents thus obtained were examined by the gel double diffusion test and by immunoelectrophoresis, as well as in staining reactions on several control tissue sections from various organs. The reagents that were not monospecific were purified with aliquots of appropriate antigens until free of contaminating antibodies.
The sections were stained directly for 45 minutes with immuno-histochemical reagents, the excess antibody being washed from the sections and the tissues then examined using an ultraviolet light source. Simultaneously, to ensure the specificity of staining, serial sections were treated with unlabelled antisera, then with the labelled ones-similar or different from those unlabelled (blocking procedure). The characteristics of the reagents are given in Table 2 .
Duplicate blocks of lung tissue were also fixed in formalin and embedded in paraffin. Sections were stained with haematoxylin and eosin, phosphotungstic acid haematoxylin, Biebrich scarlet, van Using both light and fluorescent microscopy 198 photomicrographs were made as a permanent record of the observations. Results In the standard histological sections of the lungs stained with haematoxylin and eosin, structureless, sometimes fine granular (Figs. 1 and 3) , eosinophilic membranes were found in the terminal bronchioles and alveolar ducts. The presence of cell elements could sometimes be discovered within the membranes (Fig. 2) . Sometimes also remnants of preserved epithelium were seen covering the membrane (Fig. 3) or underlying it (Fig. 1) . Most frequently, however, no ephithelial cover could be found. The appearance of membranes was usually accompanied by atelectasis, capillary engorgement and, in two cases, by rather marked oedema.
The results of additional histological stains differed little from those previously described (Buckingham and Sommers, 1960; De and Anderson, 1953; Duran-Jorda et al., 1956 ).
The results obtained by means of immunofluorescence were absolutely uniform in all the six cases investigated. In the unstained sections the membranes showed greyish-blue autofluorescence. An intense yellowish-green (FIT-labelled reagents) or orange-red (LRB-labelled reagents) fluorescence was obtained in the reactions with antisera against fibrin and/or fibrinogen, y-globulin and albumin . Intense specific fluorescence of the membrane is proof of the presence of all these proteins within the membrane. In sections stained with antiglobulin or anti-albumin reagents, the fluorescence of membranes was uniform. Sections stained with antifibrin reagents showed inconsistent granular and laminar fluorescence ofhyaline membranes, especially under higher magnification (Fig. 5) . In these Table 2 . group.bmj.com on October 29, 2017 -Published by http://adc.bmj.com/ Downloaded from K. GAJL-PECZALSKA sections, a thin fibrin layer was clearly fluorescent in septal vessels. The membranes were sometimes fused with alveolar septa impregnated with fibrin, y-globulin and albumin (Figs. 5, 7 
and 9).
A prolonged (25 minutes) rinsing of sections in buffered saline before fixing them resulted in a decrease in the number of membranes, whereas in the persisting membranes the intensity of fluorescence was either not diminished or only minimally so. This was true not only of the fibrin but also of albumin and y-globulin, proving that all these proteins help to form the membrane.
By treating the sections with homogeneous unlabelled reagents, before treating them with the same labelled reagents, fluorescence was completely abolished (Fig. 10) . Moreover similar treatment with unlabelled sera against other fractions of human serum was without any influence on the intensity of specific fluorescence (Fig. 11) . On the one hand this provides proof of the staining specificity, on the other hand proof of the antigen monospecificity of the histochemical reagents used.
In sections covered with lupus erythematosusserum (LE-serum, containing the antinuclear factor) and then stained with the reagent against human Y2-globulin, a considerable decrease, and even focal disappearance, of fluorescence of hyaline membranes was observed, whereas the nuclei of alveolar septa and nuclei or their fragments incorporated in the membranes showed intense fluorescence (Fig. 12) . Each of several stainings gave the same result (always with duplicate sections stained only with reagent against human y2-globulin as control). The reaction made it possible to detect cell nuclei in hyaline membranes.
Unfortunately the attempts to give more exact data as to the quantitative relations and location of individual plasma proteins within the membrane, by means ofmixtures of labelled reagents in contrasting colours, failed. A uniform brownish fluorescence of the membranes could be seen. In some individual instances, albumin seemed to prevail slightly.
Fats possessing autofluorescence could also be observed within some of the membranes. This method of fat detection does not, however, seem to be more sensitive than routine histological stainings.
Discussion
Investigations were carried out by means of a very specific and sensitive method of immunofluorescence.
The results were consistent in all the six cases investigated, and we conclude that all the three elementary serum proteins (fibrin, y-globulin and albumin) are integral parts of hyaline membrane.
Washing tissue sections before fixing them, according to Gitlin and Craig, removes all the proteins not closely bound with the tissue (Gitlin and Craig, 1956) . Prolonged washing of completely unfixed sections resulted in the disappearance of albumin and y-globulin in the vessels of alveolar septa, and of the oedema fluid in the alveoli; it also completely removed a part of the hyaline membranes. However, in the remaining membranes, a large amount of albumin and y-globulin was still to be found. Taking the intensity of fluorescence as criterion of the quantity of protein in washed sections stained with the same immuno-histochemical reagent, the amount of albumin and y-globulin in hyaline membranes remained unchanged or changed only minimally. The detection of fibrin, albumin and y-globulin as integral components of the hyaline membrane makes it seem likely that the other plasma proteins (ao-globulin and 5-globulin) are equally present. In other words, the hyaline membrane consists of a plasma clot, in which some cell remnants and fats can also be found.
The existence of cell nuclei within the hyaline membrane has been confirmed by means of immunofluorescence with the use of antinuclear serum (LE-serum). A considerable decrease or complete disappearance of fluorescence of the whole membrane may be interpreted as follows. The antibodies contained in a drop of the reagent covering the section are absorbed by the cell nuclei, previously subjected at LE-serum. In view of the character of the fluorescence, it may be presumed that y-globulin and albumin impregnate the whole membrane homogeneously, whereas the fibrin preserves a granular, slightly laminar structure. The method applied is a qualitative one and allows conclusions to be drawn as to the relative amount of antigen only when the same immuno-histochemical reagent is used. The fusion of hyaline membranes and of alveolar walls focally impregnated with albumin, y-globulin and fibrin (Fig. 7) seems to imply capillary damage.
The results of the present study confirm the observations made with the electron microscope. They support the pathogenetic theories that assume the endogenous origin of hyaline membranes. Gitlin and Craig who represent the same view do not mention explicitly why fibrin should be the only component of the hyaline membrane.
Lungs of newborn babies only were studied. The detection of several plasma components in the hyaline membranes of the newborn establishes a strong relation between hyaline membrane disease and other conditions of children and adults in which the same membranes can be observed in a light microscope. A temporary increase of capillary
